Introduction 23
In 2010 the vineyard surface for table grape production in Spain covered an extension 24 of 16,000 ha, with a total grape production of 237,000 Mg, whereas the vineyard surface for 25 7 Lopez, Almería, Spain) at a height of 2.5 to 3.0 m above the ground level for crop protection. at noon and a second one after midnight. Each vine had four main branches and every winter 10 the vines were pruned to maintain this structure. An additional summer pruning of the shoots 11 in a strip 0.5 m wide between vine rows was performed around veraison to improve light 12 penetration in the clusters. Soluble fertilizers were applied with the drip irrigation system. 13
Climatic characterization of the three experimental years was performed using the data 14 from the automated agrometeorological station "El Suelto-Plano Espés" of the SIAR network 15 (Spanish National Network of Agrometeorological Stations for Irrigation). The station is 16 located in Caspe County at UTM coordinates: UTMX 745309, UTMY 4576848 (41.19º N, 17 0.05º W) and altitude of 175 m. This station records semi-hourly data of air temperature, air 18 relative humidity, wind speed and direction, solar radiation and precipitation. An automated 19 meteorological station was also installed in the vineyard in order to obtain precipitation data 20 in the experimental plots. 21 Daily values of vineyard crop evapotranspiration (ET c ) for the three studied years were 22 estimated multiplying the reference evapotranspiration (ET 0 ), computed using the FAO 23
Penman-Monteith (Allen et al., 1998) by crop coefficients (Kc) adjusted for this particular 24
vineyard. The daily meteorological data recorded at the "El Suelto-Plano Espés" station were 25 8 used for estimation of ET 0 . Seasonal curves of daily Kc were developed using the procedure 1 described by Allen et al. (1998) . First, the duration and dates of the different crop growth 2 stages needed for the calculation of the Kc were determined from the soil ground cover data 3 that was measured by digital photography along the crop cycle in the different treatments of 4 both cultivars (Blanco et al., 2010). Secondly, tabulated vineyard crop coefficient values 5 (Allen and Pereira, 2009) were adjusted for three characteristics: a) the precipitation and 6 average ET 0 during the initial stage, and the averages of wind speed and minimum relative 7 humidity recorded at the "El Suelto-Plano Espés" station during mid and end-season stages; 8 and c) the effect of the plastic mesh in reducing ET c using a net coefficient of 0.65 determined 9
by Moratiel and Martínez-Cob (2012) in a vineyard neighbor to this experiment. 10 11
Experimental design and irrigation treatments 12
In each cultivar the experimental design was a randomized block with three replicates. Phenology by visual observation (Coombe, 1995) , and canopy cover evolution using 23 digital photography were determined. Photographs were taken with a digital camera Olympus, 24 model µ810 (Olympus, Tokyo, Japan) placing the camera on the ground and focused upwards 25 (Table 6) . 15 In 2008 differences between treatments were observed in both cultivars in the grape 16 production and on the number of clusters. Grape production and the number of clusters per 17 vine of T3 were significantly lower than corresponding values in T2 in both cultivars. As in 18 2007 no effect of the irrigation treatments in the cluster weight was observed in both cultivars. The berry quality variables were very similar throughout the three study years (Table  14 7). No significant effects of irrigation treatments were found in the berry weight, diameter, 15 height, firmness, and ºBrix and pH of the grape juice in both cultivars and in the different 16 study years. There was a year effect in some of the studied parameters. In the Autumn cultivar were determined for the different irrigation treatments and study years ( Table 9 ). The L* 20 represents the lightness of the color, the a* represents its position between red and green and 21 b* its position between yellow and blue. All the color parameters varied in a narrow range 22 and the differences between irrigation treatments and years were low. The L* ranged between 23 29.9 and 36.1, a* ranged between 6.5 and 10.9 and b* ranged between 5.6 and 7.2. The skin 24 color of the berries in all the treatments and study years was red and quite uniform in the 25 clusters. However significant differences were detected between the irrigation treatments in 1 the different years. In 2007 the a* parameter of T1 (9.5) was significantly higher than in 2 treatments T2 (7.6) and T3 (7.5) and no differences were found in the L* and b* parameters. 3
In 2008 no differences were found in L*, a* and b* parameters between irrigation treatments. 4
In 2009 the L* parameter of T3 was significantly lower than that of T1 and T2. The a* 5 parameter of T3 was higher than that of T1 and T2. The b* parameter of T3 and T1 were 6 lower than that of T2. These differences between treatments did not show a clear tendency in 7 the change of color due to the irrigation treatments. 8 The soil moisture data presented in Table 3 (Table 10 ). These accumulated productivity 9 parameters in T3 were significantly lower than in T2 in the Crimson cultivar and no 10 significant differences were found between treatments in the Autumn cultivar. Nevertheless, 11
other non-controlled agronomical factors and the high variability of the observed variables 12 contributed to decrease the significance of the statistical analysis. It seems that there was a 13 higher effect of the meteorological conditions of each year than that of the irrigation 14 treatments. As an illustrative example, the production of the three irrigation treatments of the 15
Crimson cultivar in 2009 were around half of the yield obtained in the other two study years 16 and no significant differences were found between treatments in that year. However this 17 production reduction was not observed in the Autumn cultivar that had similar production 18 levels than the other years. Probably in the 2009 season the incidence of the late season bunch 19 stem necrosis that occurred in 2008 and a more severe cluster pruning were the causes of this 20 grape yield reduction. The decrease in grape production in Crimson in that year was due to 21 the lower number of clusters per vine and lower cluster mean weight while in Autumn 22 cultivar, besides a lower number of clusters per vine, the grape yield was maintained similar 23
to the other years due to a higher cluster mean weight in 2009 (Table 6) . 24 
